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Abstract
New photometric follow-up observations of transitting ‘hot Jupiters’ TrES-3b and Qatar-1b
are presented. Weighted mean values of the solutions of light curves in R-filter for both
planetary systems are reported and compared with the previous results. The transit light
curves were analysed using the winfitter code. The physical properties of the planets were
estimated. The planet radii are found to be Rp = 1.381 ± 0.033RJ for TrES-3b and Rp =
1.142 ± 0.025RJ for Qatar-1b. Transit times and their uncertainties were also determined
and a new linear ephemeris was computed for both systems. Analysis of transit times showed
that a significant signal could not be determined for TrES-3b, while weak evidence was found
for Qatar-1b, which might be tested using more precise future transit times.
Keywords: eclipses – techniques: photometric – stars: planetary systems – stars:
individual: TrES-3, stars: individual: Qatar-1
1. Introduction
The transit technique is one of the most powerful and effective methods for discovering
exoplanets. The number of transiting exoplanets discovered has been increasing rapidly
and has now exceeded one thousand1. Many of them are close-in gas giant planets also
known as hot Jupiters. The basic astrophysical parameters of the exoplanets detected by
this technique, and those of their host stars, can be derived with higher precision than
those of exoplanets discovered by other methods (e.g. Southworth, 2008; Torres et al., 2008;
Southworth, 2012; Ciceri et al., 2015). The data quality is important in this respect. The
photometric data collected by the Kepler and CoRoT satellites has allowed us to discover
Email address: cpuskullu@comu.edu.tr (C¸. Pu¨sku¨llu¨)
1Based on Transiting Extrasolar Planet Catalogue (TEPCat):
http://www.astro.keele.ac.uk/jkt/tepcat
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many extrasolar planets and to derive the parameters of planet-star systems, precisely. In
addition to space missions, ground-based photometric surveys keeping eyes on whole sky,
play very important role in discovering new hot Jupiters. Follow up observations by the
ground-based telescopes are publishing in the online database Exoplanet Transit Database
(ETD) by many observers (Poddany´ et al., 2010). This cumulated data make searching for
additional planets in a system possible by using transit-timing variations (TTV). In this
study, we focus on follow-up photometric transit observations and their analysis for hot
Jupiters TrES-3b and Qatar-1b.
The TrES-3b system, discovered by O’Donovan et al. (2007), consists of a slightly metal-
poor G-type star with a mass of 0.9M and a hot Jupiter with an orbital period of 1.3 days.
In their study, analysis of both photometric and radial velocity data was presented. The
planet-star system, exhibiting a v-shape transit light curve, has interested many researchers
(e.g. Gibson et al., 2009; Sozzetti et al., 2009; Colo´n et al., 2010; Southworth, 2011; Kun-
durthy et al., 2013; Vanˇko et al., 2013). Sozzetti et al. (2009) re-determined the stellar
parameters which are listed in Table 1 and stated that the precision and accuracy of basic
planet properties may vary according to the methodologies used for analysis, as discussed by
Torres et al. (2008); Rhodes and Budding (2014). Fressin et al. (2010) revealed that the orbit
of TrES-3b is circular and ruled out tidal heating from the ongoing orbital circularization as
an explanation for the inflated radius of TrES-3b. In order to search for additional planets
in the system, transit timing variations based on follow-up observations were investigated in
several studies (e.g. Sozzetti et al., 2009; Christiansen et al., 2011; Kundurthy et al., 2013;
Vanˇko et al., 2013). However, these authors could not find clear proof of the presence of a
second planet in the system so far.
Qatar-1b has a mass of 1.09MJ . It was discovered by Alsubai et al. (2011). The planet is
revolving around its parent star in a circular orbit with a period of 1.4 days. The host star
is a slightly metal-rich K-type star with a mass of 0.85M. Its main properties are given
in Table 1. Later, photometric observations and their analysis were reported by several
authors (e.g. Maciejewski et al., 2015; Mislis et al., 2015; Collins et al., 2015). Covino et al.
(2013) improved the orbital parameters and mentioned that the host star is moderately
magnetodynamically active. A sinusoidal variation in the long-term light curves due to
possible magnetic activity on the surface of the parent star was calculated by Mislis et al.
(2015). First TTV analysis presented by von Essen et al. (2013) and they indicated a
significant signal with a period of ∼ 190 days. However more recently, Maciejewski et al.
(2015) and Collins et al. (2015) could not find evidence of an additional planet in the Qatar-
1b system based on TTV analysis.
The main physical properties of the host star of TrES-3b and Qatar-1b are listed in
Table 1. In this study, we present new transit light curves and their investigation for
the exoplanets TrES-3b and Qatar-1b. Observations and reduction methods are given in
Section 2. After showing parameter details emerging from the modelling, results of the
solutions are reported in Section 3. The physical properties of the star-planet systems are
then presented (Sect. 4), while updated ephemerides and TTV analysis are considered in
Section 5. The final section summarizes and discusses the results for these hot Jupiters in
particular, in the context of our general picture of hot Jupiter systems.
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Table 1: Basic parameters of the host stars of TrES-3b and Qatar-1b.
Parameters TrES-3 Qatar-1
Mass, M?(M) 0.928+0.028−0.048 0.838
+0.043
−0.041
Radius, R?(R) 0.829+0.015−0.022 0.803± 0.016
Density, ρ?(cgs) 2.304± 0.066 2.286+0.074−0.070
Surface gravity, log g?(cgs) 4.4± 0.1 4.552+0.012−0.011
Effective temperature, Teff (K) 5650± 75 5013+93−88
[Fe/H](dex) −0.19± 0.08 0.171+0.097−0.094
Age (Gyr) 0.9+2.8−0.8 1.19± 0.47 *
References
Sozzetti et al. (2009) Collins et al. (2015)
* Mislis et al. (2015)
Table 2: Specifications of telescopes and CCD cameras used in study.
Telescope and CCDs Field of view (arcmin) Pixel size (arcsec px-1)
T122 + AP42 7.8× 7.8 0.23
T122 + STL1001E 7.1× 7.1 0.42
T60 + AP42 19.8× 19.8 0.58
T60 + STL1001E 18× 18 1.06
T100 + SI1100 21.1× 20.8 0.31
2. Observations and Data Reduction
Our observations were made by three different-sized telescopes and camera configura-
tions. The 122-cm Nasymth telescope (T122) and 60-cm German-Equatorial telescope
(T60) are installed at C¸anakkale Onsekiz Mart University Observatory (C¸OMUO) in Turkey.
C¸OMUO has a 2048× 2048 pixel Apogee Alta U42 CCD (AP42) camera and a 1024× 1024
pixel SBIG STL 1001E CCD (STL1001E) camera which had been attached to the both
telescopes various times. The other telescope (T100) used in the observations is installed
at TU¨BI˙TAK National Observatory (TUG) in Antalya, Turkey. It has a primary mirror
with 100-cm aperture size and is equipped with a SI 1100 CCD camera. Fields of view and
pixel sizes of all telescopes and CCD cameras are listed in Table 2. Photometric data of
TrES-3b transits were taken on six nights at T122, five nights at T100 and one night at
T60, while those of Qatar-1b were obtained four nights each telescope. During the observa-
tions, Network Time Protocol (NTP) was used for time synchronization every minute. T100
has miliseconds accuracy in exposure time; however T122 and T60 have accuracies in sec-
onds. Exposure times, CCD binning options and filters are given in Table 3. Depending on
weather conditions, many observations were also carried out using the defocusing method.
Raw images were corrected with at least 10 biases, darks and flat images. Photometry was
performed by the daophot package of iraf2. We tried out different size apertures and en-
sured many comparison stars inside the CCD frame. The reduction process was completed
using less scattered comparisons for both TrES-3b and Qatar-1b. Julian Date (JDUTC) was
converted to Barycentric Julian Date (BJDTDB) (Eastman et al., 2010).
2http://iraf.noao.edu/
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Table 3: Journal of observations of hot Jupiters TrES-3b and Qatar-1b.
Date Telescope+CCD Total Frame Bin.
Exp.Time
(s)
Airmass
(Beginning - Ending)
σ0
(mmag)
β
σs
(mmag)
TrES-3b
03.06.2012 T122+AP42 178 1 20 1.02− 1.34 4.7 3.2 15.2
07.06.2012 T122+AP42 109 1 20 1.02− 1.09 2.8 0.2 2.8
27.05.2013 T122+AP42 110 1 100 1.44− 1.01 2.3 0.4 2.3
13.07.2013 T122+AP42 123 1 60 1.02− 2.55 2.6 0.4 2.6
15.06.2014 T100+SI1100 64 2 40 1.22− 1.00 3.4 0.3 3.4
02.07.2014 T122+AP42 216 2 45 1.00− 1.08 2.3 2.1 4.9
27.04.2015 T100+SI1100 196 2 80 1.98− 1.00 2.4 0.9 2.6
30.06.2015 T122+STL1001E 97 1 80 1.02− 1.32 3.3 0.1 3.3
08.07.2015 T100+SI1100 58 2 20 1.06− 1.00 2.5 0.1 2.5
21.07.2015 T100+SI1100 211 2 80 1.01− 1.92 1.9 1.4 2.8
07.08.2015 T100+SI1100 154 2 80 1.00− 1.43 1.6 0.3 1.6
24.08.2015 T60+AP42 153 1 80 1.00− 1.60 2 0.9 3
Qatar-1b
14.06.2014 T100+SI1100 217 2 60 1.57− 1.14 2.5 0.6 2.5
01.07.2014 T122+AP42 195 1 80 1.40− 1.20 2.1 0.8 2.1
28.07.2014 T122+AP42 261 1 52 1.13− 1.10− 1.21 2.2 0.6 2.2
24.08.2014 T122+AP42 269 1 100 1.12− 1.10− 1.64 2.5 0.7 2.5
20.09.2014 T100+SI1100 245 2 90 1.14− 1.14− 2.37 2.2 0.6 2.7
30.09.2014 T60+STL1001E 198 1 90 1.11− 1.36 2.6 0.9 2.6
11.04.2015 T122+STL1001E 120 1 120 2.19− 1.25 2.2 0.2 2.2
15.05.2015 T100+SI1100 75 2 80 2.13− 1.15 3.4 0.1 3.4
25.05.2015 T100+SI1100 226 2 80 1.30− 1.16 2.3 0.6 2.6
04.08.2015 T122+STL1001E 83 1 80 1.10− 1.16 2.1 1.2 2.1
03.11.2015 T60+AP42 135 1 80 1.25− 1.88 2.5 0.4 2.5
13.11.2015 T60+AP42 149 1 80 1.19− 1.78 2.1 0.2 2.1
20.11.2015 T60+AP42 206 1 80 1.34− 3.00 4.4 0.5 4.4
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3. Analysis of Transit Light Curves
3.1. Method
In order to determine the physical and geometrical parameters of TrES-3b and Qatar-1b
and their host stars, the winfitter program, which is basically adopted from the fitter
code, was used. fitter was originally developed by Budding and Najim (1980) and re-
fined by Budding and Zeilik (1987). The latest user-friendly design of the program with
additional features was presented by Rhodes and Budding (2014)3. winfitter performs
fitting optimization by means of a modified Marquardt-Levenberg application to analyse the
light curves of eclipsing objects. The main physical parameters of the objects, namely, the
masses (M? and Mp), radii (R? and Rp) and luminosities (L? and Lp) plus orbital parame-
ters: period (P ), orbital inclination (i) and eccentricity (e), are used in the fitting process
via a χ2-minimization computational algorithm. In the code, correlated errors are calculated
from the diagonal of the inverted Hessian matrix. The fitter code is based on the Radau
model approach given by Kopal (1959). This approach gives tidal and rotational distortions
(ellipticity), together with radiative interactions (reflection), of massive and relatively close
gravitating bodies.
We followed same analysing procedure for all transit light curves of TrES-3b and Qatar-1b.
During the analysis, the phase correction (∆φ0), reference light level (U), orbital inclination
(i), ratio of radii (k = Rp/R?) and fractional radius of the host star (r1 = R?/a where a
is semi-major axis of the orbit) were taken as free parameters. We presented some of the
calculated parameters, r2 = Rp/a and total transit duration T14 together with literature
values in the Table 4. The fractional value of the secondary light contribution was set to
zero under the assumption that the night side luminosity of the planet is essentially zero.
The orbit was also assumed circular. We used the Claret and Bloemen (2011) tables to cal-
culate the linear limb darkening coefficients: uTrES-3 (R) = 0.567 and uQatar-1 (R) = 0.668.
All transit curves were detrended by fitting a straight line to the out-of-transit data before
analysing them in winfitter. Then, we calculated the standard deviation value (σ0) of
this fit. In addition to σ0, in order to reveal systematic effects (red noise) on the transit
curves, the time-averaged detrending method, given by Winn et al. (2008), was used. As
reported by Petrucci et al. (2015), the red noise factor is defined as β = σr/σN , where σr is
the standard deviation of binned residuals over N points. We selected the N numbers which
represent M counts that were closer values to the division of the observation total duration
by ingress/egress duration. Therefore, σN is the expected deviation, as given by Eq. 1:
σN =
σ0√
N
√
M
M − 1 (1)
Finally, the median of calculated β values was used to scale σ0 values to σs, which defines
the final adopted data error, including underestimated noise (see Table 3).
3winfitter can be downloaded from the website:
http://michaelrhodesbyu.weebly.com/astronomy.html
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3.2. Solutions
We collected 12 transit light curves for TrES-3b in the R-filter. The red noise factors
for the data taken on 3 June 2012 and 2 July 2014, are β = 3.2 and 2.1, respectively.
Therefore, these two transit light curves were eliminated from the final weighted average
values. The resulting parameters were obtained from winfitter, together with their errors,
are listed in Table 4, including comparisons with previous studies. Theoretical curves and
their agreement with observational data can be seen in Fig. 1. The TrES-3b transit model
curves were found to be in the range, χ2red = 0.8−1.2 over our first estimated error, σ0. Hence,
we cannot say definitely that there may be additional physical effects, such as maculation,
i.e. spots on the surface of the host star. The ratio of percentage change of r1 is 15%, from
0.15 to 0.18; for k is 21%, and for i is 1%, when errors are excluded.
We obtained 12 transit light curves in the R-filter for Qatar-1b. The light curve observed
on 20th November 2015 was not used in the analysis since it had large scatter, σ0 = 4.4
However, the transit time was calculated for these data and evaluated for transit time
analysis, as presented in Section 5. The highest red noise factor for the 11 light curves
was 1.2. Weighted mean values of the resulting parameters are given in Table 5 together
with errors, and also those presented in previous studies. Figure 2 shows the agreement
between the theoretical curves and transit data for Qatar-1b. Since the our data scattering of
Qatar-1b was lower than TrES-3b, fitting results were also derived inside a narrow parameter
space which is mostly spread around 10% for individual parameters.
Lastly, the mean system geometries were constructed using binned data and a model
calculated from the weighted mean values, as seen in Fig. 3, for the star-planet systems
TrES-3b and Qatar-1b. In order to check for limb darkening values, the binned transit
light curves were solved taking limb darkening parameters as free. These were obtained as
uTrES-3 = 0.62± 0.03 and uQatar-1 = 0.67± 0.03. These results may be compared with the
theoretical values of (uTrES-3 = 0.567 and uQatar-1 = 0.668) by Claret and Bloemen (2011).
4. Physical Properties
In order to determine the astrophysical parameters of the hot Jupiters, TrES-3b and
Qatar-1b, the photometric results in Table 5 together with basic parameters given in Table 1
were used. The mass of planet and its host star in the Qatar-1 system were taken from
Alsubai et al. (2011) while the mass values of TrES-3b and its host star were used as
given by Sozzetti et al. (2009) and Torres et al. (2008), respectively. We calculated the
physical parameters of the stars (R?, ρ?, log g?, Teff ) and planets (Rp, ρp, log gp, T
′
eq) from the
weighted mean values of all transit parameters. These results with standard errors are given
in Table 6. A comparison between the binned and combined transit data, and theoretical
light curves were calculated from the weighted mean parameters listed in Tables 4 and 5,
can be seen in Fig. 3 for TrES-3b and Qatar-1b, respectively. Binning was done to 70 points
for each transit curve. Transit geometries are also plotted with the corresponding curves
(see upper parts of the Figures 3).
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Figure 1: Modelled individual transit curves of TrES-3b in R-filter with photometric error bars and residuals
from fits.
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Figure 2: Modelled individual transit curves of Qatar-1b in R- filter with photometric error bars and residuals
from fits.
8
Table 4: Fitting model parameters of TrES-3b comparing with previous studies. First column is listing
references, following columns are the fractional radius of host star r1, ratio of radii (k), orbital inclination
(i) and total transit time (T14) respectively.
References r1 k (= r2/r1) i (deg) T14 (min)
O’Donovan et al. (2007) 0.1650± 0.0027 0.1660± 0.0024 82.15± 0.21 —
Sozzetti et al. (2009) 0.1687± 0.0140 0.1655± 0.0020 81.85± 0.16 —
Gibson et al. (2009) — 0.1664± 0.0011 81.73± 0.13 79.92± 1.44
Colo´n et al. (2010) — 0.1662± 0.0046 — 83.77± 1.15
Southworth (2010)a 0.1666± 0.0017 0.1639± 0.0037 82.07± 0.17 —
Lee et al. (2011) 0.1674± 0.0023 0.1603± 0.0042 81.77± 0.14 —
Christiansen et al. (2011) 0.1664± 0.0204 0.1661± 0.0343 81.99± 0.30 81.9± 1.10
Southworth (2011)a 0.1682± 0.0014 0.1635± 0.0025 81.93± 0.13 —
Kundurthy et al. (2013)b
0.1675± 0.0008 0.1652± 0.0009 81.95± 0.06 —
0.1698± 0.0014 0.1649± 0.0015 81.51± 0.14 —
Turner et al. (2013) 0.1721± 0.0054 0.1693± 0.0087 81.35± 0.63 81.3± 0.23
Vanˇko et al. (2013)b
0.1682± 0.0032 0.1644± 0.0047 81.86± 0.28 79.2± 1.38
0.1696± 0.0024 0.1669± 0.0027 81.76± 0.14 79.08± 0.72
This study 0.1691± 0.0024 0.1709± 0.0030 81.83± 0.21 83.98± 0.75
a present solutions obtained from light curves in the literature.
b present two solutions estimated using different methods.
Table 5: Fitting model parameters of Qatar-1b comparing with previous studies. The column parameters
are same as in the Table 4.
References r1 k (= r2/r1) i (deg) T14 (min)
Alsubai et al. (2011) 0.1633± 0.0053 0.1454± 0.0015 83.47± 0.40 96.71± 1.11
von Essen et al. (2013) 0.1558± 0.0024 0.1435± 0.0008 84.52± 0.24 —
Covino et al. (2013) 0.1601± 0.0025 0.1513± 0.0008 83.82± 0.25 97.63± 1.44
Mislis et al. (2015) 0.1640± 0.0030 0.1475± 0.0009 84.03± 0.16 —
Maciejewski et al. (2015) 0.1582± 0.0017 0.1459± 0.0008 84.26± 0.17 98.50± 1.70
Collins et al. (2015) 0.1600± 0.0018 0.1463± 0.0006 84.08± 0.16 99.66± 0.47
This study 0.1584± 0.0031 0.1470± 0.0012 84.42± 0.30 100.84± 0.92
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Figure 3: System geometries and transit light curves at zero point phase both TrES-3b (left panel) and
Qatar1b (right panel). The observational points indicate combined transit light curve of the planet for all
normalized individual transit curves binned to 70 points. The continuous line shows the theoretical curve
were calculated using the weighted mean solution.
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Figure 4: Temperature parameters, Teff and T
′
eq plotted together in order to view diversity between flux
received on planets by their host stars. Solid lines indicate a/R? steps. The planets are labelled with
crossmarks. Both planets, as expected, appear on same line, of a/R? ∼ 6, coloured blue.
As a measure of gravitational focusing, the Safronov number (Θ) given by Hansen and
Barman (2007) is
Θ =
a
Rp
Mp
M?
. (2)
They proposed a classification for exoplanets using the values of the Safranov number.
According to this designation, exoplanets with Θ ∼ 0.07± 0.01 were termed Class I, while
those having Θ ∼ 0.04 ± 0.01 were Class II. While we calculated ΘTrES-3 b = 0.068± 0.003
for TrES-3b, meaning that it falls within the Class I group, Qatar-1b appears to be between
Class I and Class II, with ΘQatar-1b = 0.053± 0.002.
The equilibrium temperature was also estimated by the simplified equation given by
Southworth (2010):
T
′
eq = Teff
√
R?
2a
(3)
where a is in same unit with stellar radius, R?. The effective temperature of the host
stars, Teff were obtained from Torres et al. (2008) and Alsubai et al. (2011) for TrES-3b
and Qatar-1b, respectively. Due to the similar-size orbit and almost identical R? values,
the ratio T
′
eq/Teff should be approximately the same for these two exoplanets. In order to
illustrate this similarity, we plotted Teff against T
′
eq with the semi-major axis in stellar radii,
a/R? contour lines in Fig. 4. As expected, both planets lie on the same a/R? contour line.
5. Transit Ephemeris and Transit Timing Variations
The investigation of additional bodies or unseen components around binary stars is a
common research area in stellar astrophysics. In particular, the O-C method based on eclipse
times is frequently used for this purpose. The method is also preferred when searching for
additional planets around star-planet systems. In the field of multi-planet research, very
precise transit times at least in several tens seconds of accuracy are required since the
expected amplitudes in the O-C diagrams are very low (e.g. Lithwick et al., 2012).
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Table 6: Astrophysical parameters of star-planet systems TrES-3b and Qatar-1b.
Parameters TrES-3b Qatar-1b
Adopted values
Stellar mass, M?(M) 0.928± 0.031 0.850± 0.030
Planet mass, Mp(MJ) 1.910± 0.065 1.090± 0.080
Effective temperature of the host star, Teff (K) 5650± 75 4861± 125
Derived values
Semi-major axis, a/R? 5.92± 0.11 6.31± 0.15
Stellar radius, R?(R) 0.826± 0.012 0.798± 0.016
Stellar density, ρ?(ρ) 1.607± 0.074 1.666± 0.103
Stellar surface gravity, logg?(cgs) 4.57± 0.01 4.56± 0.02
Planet radius, Rp(RJ) 1.381± 0.033 1.142± 0.025
Planet density, ρp(ρJ) 0.668± 0.049 0.679± 0.045
Planet surface gravity, loggp(cgs) 3.39± 0.02 3.32± 0.02
Equilibrium temperature of the planet, T
′
eq(K) 1643± 25 1368± 30
Safronov Number, Θ 0.068± 0.003 0.053± 0.002
Incident flux, 〈F 〉(109ergs−1cm−2) 1.650± 0.079 0.798± 0.060
In this study, we also used the O-C method to analyse transit times of the target hot
Jupiters. As a first step, mid-transit times from winfitter solutions for both the TrES-3b
and Qatar-1b systems were determined. The code calculates a ∆φ0 parameter, which was
later converted to transit time in BJD. We also supplemented our data by retrieving values
having errors lower than 0.0005 BJD (43.2 s) from literature and the ETD, selecting clear
transit curves. In this study, 12 mid-transit times for TrES-3b and 11 mid-transit times for
Qatar-1b were obtained and are listed in Table 7. Epoch numbers and O-C values in Table 7
were calculated using the new transit ephemeris in Eqs. 4 and 5, which led to improvements
for each object, as presented below. We generated Lomb-Scargle periodograms (Lomb, 1976;
Scargle, 1982) inside frequency windows limited to the Nyquist frequency with the improved
TTVs. The false alarm probability (FAP) was also checked to ensure that the detected
dominant frequencies were significant (Horne and Baliunas, 1986).
5.1. TrES-3b
New light elements of the TrES-3b were determined using our transit times together with
data from the ETD and times given by Sozzetti et al. (2009); Gibson et al. (2009); Lee et al.
(2011); Christiansen et al. (2011); Kundurthy et al. (2013); Turner et al. (2013) and Vanˇko
et al. (2013). An improved ephemeris was calculated as follows:
Tc = (BJD) 2456082.49390(3) + 1.30618652(4)× E (4)
where E is the epoch number. Using the weighted linear fits to the O-C data, we
obtained a reduced chi-squared value, χ2red = 7.8. Despite this high value of χ
2
red, no peaks
in our Lomb-Scargle analyses for TrES-3b exceeded 5% of the significance level. Since
no clear dominant peak was observable; we would like to present the highest peak at a
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Table 7: Mid-transit times of TrES-3b and Qatar-1b.
Date Filter Epoch T0 (BJD 2450000+) O-C (days)
TrES-3b
03.06.2012 RBessell 0 6082.49611± 0.00056 0.00221
07.06.2012 RBessell 3 6086.41313± 0.00034 0.00067
27.05.2013 RBessell 274 6440.38897± 0.00028 -0.00004
13.07.2013 RBessell 310 6487.41045± 0.00043 -0.00127
15.06.2014 RBessell 568 6824.40585± 0.00064 -0.00198
02.07.2014 RBessell 581 6841.38641± 0.00030 -0.00185
27.04.2015 RBessel 810 7140.50549± 0.00033 0.00052
30.06.2015 RCousins 859 7204.50938± 0.00044 0.00126
08.07.2015 RBessell 865 7212.34536± 0.00037 0.00013
21.07.2015 RBessell 875 7225.40740± 0.00030 0.00030
07.08.2015 RBessell 888 7242.38793± 0.00028 0.00040
24.08.2015 RBessell 901 7259.36845± 0.00034 0.00050
Qatar-1b
14.06.2014 RBessell 0 6823.41500± 0.00044 0.00138
01.07.2014 RBessell 12 6840.45327± 0.00042 -0.00065
28.07.2014 RBessell 31 6867.43480± 0.00042 0.00041
24.08.2014 RBessell 50 6894.41548± 0.00047 0.00063
20.09.2014 RBessell 69 6921.39618± 0.00048 0.00085
30.09.2014 RCousins 76 6931.33528± 0.00053 -0.00022
11.04.2015 RCousins 212 7124.45935± 0.00059 0.00047
25.05.2015 RBessell 243 7168.48014± 0.00058 0.00050
03.11.2015 RBessell 357 7330.36216± 0.00065 -0.00030
13.11.2015 RBessell 364 7340.30315± 0.00064 0.00051
20.11.2015 RBessell 369 7347.40134± 0.00085 -0.00142
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Figure 5: O-C diagram for TrES-3b.
frequency of ν1(TrES-3 b) = 0.0154± 0.0001 cycl P−1, which corresponds to a TTV period of
Pttv = 84.79± 0.35 days. The O-C diagram of TrES-3b can be seen in Fig. 5.
5.2. Qatar-1b
We used transit times for Qatar-1b was by combining our mid-transit times with data
from von Essen et al. (2013), Maciejewski et al. (2015) and ETD. The improved linear
ephemeris obtained is as follows:
Tc = (BJD) 2456823.41361(4) + 1.4200248(1)× E (5)
By applying linear least squares fits, a reduced χ2red = 4.5 was arrived at. The corresponding
Lomb-Scargle periodogram shows a few strong peaks, but they are all under 5% significance
level. The highest peak is seen at the frequency ν1(Qatar-1b) = 0.0169± 0.0001 cycl P−1,
which corresponds to Pttv = 83.75±0.48 days (see Fig. 6). We obtained a value of χ2red = 3.9
after applying a least squares sinusoidal fit to the O-C data with a derived amplitude of
Attv = 0.00044 ± 0.00011 days (38.0 ± 9.5 s). In Fig. 7, the distribution of the O-C data
together with its sinusoidal TTV can be seen. The parameters of this sinusoidal variation
were found to be similar to those determined in von Essen et al. (2013).
6. Discussion and Conclusions
This study has given a photometric investigation of the transiting exoplanets TrES-3b
and Qatar-1b. The transit light curves covering or partly covering the transit phases for
both planets, were used to determine their photometric parameters, which were found to
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Figure 6: Lomb-Scargle periodogram of O-C for Qatar-1b. Dashed line shows 5% significance level.
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be generally consistent with previous results. It is of interest to examine these exoplanets
together and compare their parameters, since they have approximately similar size orbits.
We found a radius of Rp = 1.381± 0.033RJ for TrES-3b and Rp = 1.142 ± 0.025RJ for
Qatar-1b. Although there are similarities in the orbits of the planets, these planets and their
host stars have different physical properties (see Fig. 8). The most conspicuous differences
are in the masses of the planets and the metallicities of their host stars. The mass of
TrES-3b is 1.91 MJ while that of Qatar-1b is 1.09 MJ . These differences put the planets in
separate classes when defined by their Safronov numbers. The more massive planet TrES-3b
is a Class I planet with ΘTrES-3b = 0.068± 0.002, while Qatar-1b is a Class II planet with
ΘQatar-1b = 0.053± 0.002.
The transit times and their uncertainties were determined and analysed for possible
transit time variations (TTVs). We obtained 12 mid-transit times for TrES-3b and 11
mid-transit times for Qatar-1b, with uncertainties in the range of 24-70 seconds. The linear
ephemeris for both systems was improved. We couldn’t determine any significant signal from
O-C times of TrES-3b; however nearly clear periodicity of Qatar-1b TTV was obtained at
a 6.5% significance level compared with the FAP value of 28% for the strongest peak given
by Maciejewski et al. (2015). von Essen et al. (2013) reported TTV periods of 187± 17
and 386± 54 days with a fitted amplitude of Attv = 0.00052± 0.00020 for first peak. These
values are propotional with our TTV period of 83.75± 0.48 days. We estimated a TTV
amplitude of Attv = 0.00044± 0.00011. This results give us support to result in that there
is a perturbing object in the system. After sinusoidal fit to O-C, we improved χ2red from
4.5 to 3.9. The reason that we still have a high χ2red value, is that the data is spreading
out a period of 8 years with σO−C = 69.1 seconds. We had lowest individual points error
of σO = 16.4 seconds in O-C. At these conditions, to check the existence of new planets in
the system, more precise transit times spread over time are needed. As given in the first
paragraph of Section 5, time accuracy should be in the order of several tens of seconds at
least and data should spread over time in order to discover additional planets in star-planet
systems (e.g. Lithwick et al., 2012).
We collected data from the TEPCat catalogue for exoplanets having orbital radii smaller
than a = 0.024 AU to compare planets in general with our targets. As seen in Fig. 8,
WASP-46b has a similar orbit size and temperature to that of TrES-3b, while there are only
two known exoplanets, Qatar-2b and OGLE-TR-113b, with similar temperatures, which
are closer than Qatar-1b to their host stars. From the mass-radius relation of the planets
presented in Fig. 9, one of our massive planets, TrES-3b, remains near the ρ = 2.0ρJ density
curve, and appears rather exceptional in that respect. Qatar-1b, on the other hand, is more
similar to Jupiter.
The stellar metallicities, [Fe/H]TrES-3 = −0.2 < [Fe/H]Qatar-1 = 0.2 have raised some ques-
tions about the structure of the corresponding planets and their heating mechanisms in the
literature (Torres et al., 2008; Alsubai et al., 2011). The host star of TrES-3b may have
magnetic activity, as mentioned by Christiansen et al. (2011). While there is no signal of
this in our data, it might be investigated again appending much more precise observations
extending further in time.
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